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Abstract 
Coal is one of the most important source used for electrical power generation. Its combustion part known as fly ash is used in the 
manufacturing of bricks, sheets, cement, land filling etc. Coal and its by-products have significant amounts of radionuclide’s 
including uranium, thorium which is the ultimate source of the radioactive gas radon and thoron respectively. Radiation hazard 
from airborne emissions of coal-fired power plants have been cited as possible causes of health in environmental. Assessment of 
the radiation exposure from coal burning is critically dependent on the concentration of radioactive elements in coal and in the fly 
ash.  In the present study, samples of coal and flyash were collected from Rajghat Power Plant and Badarpur Thermal Power 
Plant, New Delhi, India. Radon exhalation is important parameter for the estimation of radiation risk from various materials. 
Solis State Nuclear Track Detector based sealed Can Technique (using LR-115 type II) has been used for measurement radon 
exhalation rate. Also accumulation chamber based Continuous Radon Monitor and Continuous Thoron Monitor have been used 
for radon masss exhalation and thoron surface exhalation rate respectively. Natural radioactivity has been measured using a low 
level NaI(Tl) detector based on gamma ray spectrometry.  
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1. Introduction   
Over the last few decades, the fly ash emitted by power plant—a by-product from burning coal for electricity is one 
of the technologically enhanced exposure of human beings from the natural radionuclide. Combustion of coal 
enhances the natural radiation in the vicinity of the thermal power plant through the release of the radionuclide’s and 
their daughters in the surrounding ecosystem. Nearly 73% of India’s total installed power generation capacity is 
thermal, of which 90% is coal-based generation, rest other from gas, wind, diesel and from other sources. Apart 
from inhalation an additional radiation hazard can be solids fall-out resulting in elevated concentrations of natural 
radionuclide’s in the surface soils around power plants. The coal being made available to thermal power station has 
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ash content in relatively large proportions. In recent years, study of radon exhalation as well as radiation hazards 
have been one of the important topic from combustion of coal and it’s by products .Natural radiation in environment 
produced by radioactive elements ant their isotopes have been important to study the significance of radiation 
exposure to population. The monitoring of radon/thoron exhalation is the parameter to find the health risk caused by 
flyash in slurry form in ash ponds. Flyash produced by combustion of coal have considerable importance since it 
contains higher radionuclides contents like uranium, thorium, potassium, which can present a potential health risk to 
the population through its radon emanation. Use of flyash in Cement industry in construction activities such as 
building material, concrete bricks, and plastering material might raise the concentration of airborne radioactivity in 
indoor air to unacceptable levels, especially those who have low ventilation rate. Radon mass exhalation has been  
measured using Can Technique as well as well as Continuous Radon Monitor. Thoron surface exhalation is 
measured using Continuous Thoron Monitor. Natural radioactivity measurement was done using gamma ray 
spectrometry. Dose rate is also estimated for assessing the effect of radiation exposure to mankind.  (Rao et al, 2009, 
Mahur et al 2008, UNSCEARE (2000)). 
2. Experimental Method                                                                                                      
2.1 Radon exhalation measurement                                                                                                                         
Radon exhalation rate is measured using active technique Continuous Radon Monitor as well as passive seal Can 
Technique. In Continuous Radon Monitor, Radon concentration C (Bq m-3) at time t inside the chamber given as 
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Where, Jm   is the 222Rn mass exhalation rate (mBq kg-1 h-1), V is the effective volume (m3) i.e. Volume of the 
container + volume of the detector – volume of sample, C is radon concentration per unit volume of air (Bq m-3), C0 
is the 222Rn concentration (Bq m-3) present in the chamber volume at t = 0. M  is the mass of the sample (kg), λe is 
the  effective decay constant for 222Rn, which is sum of the leak rate (if existing) and the radioactive decay constant 
of 222Rn (h-1) (Gaware et al,2010, Sahoo et al 2007).  
           
Passive method (Can technique)  
The well known “Can-Technique” was used using LR-115 type II plastic detector for measurement of radon 
exhalation rate [Kumar R. et al 2005, Mahur A.K. et al 2008] .  
 
 2.2 Thoron measurement: 
For Thoron measurement , sample is placed in a closed chamber. The thoron (220Rn) concentration in the chamber 
will reach equilibrium in a short time period and the equilibrium thoron concentration (CT) is given by the formula  
                                                                                JT = CT V λ / A.       (2) 
where V is the residual air volume of the set up (m3). A is surface area of the sample (m2). λ is the 220Rn  decay 
constant (0.0126 s-1).  Hence by knowing the value of equilibrium thoron concentration, the thoron surface 
exhalation rate can be estimated using Eq.(2) (Gaware 2010, Sahoo et al 2007,UNSCEARE 1993).  
 
2.3 Natural radioactivity measurement 
Natural radioactivity of radionuclide’s 226Ra, 232Th, and 40K are measured using gamma ray spectrometry. Saples 
collected from Rajghat Thermal Power Station were dried and sieved through 1 mm mesh size sieve. Then samples 
were sealed in plastic containers for more than 40 days to reach at equilibrium. Radium equivalent activity, absorbed 
gamma dose rate, effective dose rate, representative level index(Iyr), Internal and external hazard index are also 
measured using radioactivity concentration.(Mahur at al 2008. Kumar et al 2005). 
 
3. Results and conclusion 
 
3. (a) Rajghat Thermal Power Plant 
                                                                                                                                             
Results for the Radon and Thorn exhalation rate are shown in Fig. 1 (a), (b),(c) in terms of Bar diagram. From Fig. 1 
(a), Radon mass exhalation using Can Technique vary from 0.44 mBq/Kg/h to 2.34 mBq/Kg/h while using SRM  
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vary from 15.00 to 168.07 mBq/Kg/h . From Table 1, radioactivity ranges from 14.05 Bq kg-1 to 58.74 Bq kg-1 for 
238U, 23.72 Bq kg-1 to 46.80 Bq kg-1 for 232Th and 487.54 Bq kg-1 to 929.46 Bq kg-1 for 40K. The measured value of 
40K (Bq kg-1) is ~ 2% error. The absorbed gamma doses (D) in air due to naturally occurring radionuclide’s in 
samples varied from 46.55 to 75.85 nGyh-1.The annual effective dose (De) varies from 0.057 to 0.093 mSvy-
1 .Measured value of radium equivalent activity (Raeq) of sample collected from the area range from 95.23  to 137.72 
Bq kg-1. The value of internal hazards index (HIn) and external hazards index (Hex) varies from 0.25 to 0.43 and 0.32 
to 0.56 respectively. Radiation hazard index (representative level index) Iyr varies from 0.39 to 0.91 Bq kg-1. It is 
observed that Radium equivalent activity is lower than internationally accepted value .Present result shows that the 
radiation safety point of view the level of radon and natural radioactivity content is under the safe limit .Average 
value of Internal hazard index and external hazard index is less than safe limit value 1. 
 
Table 1.  
Samples                  
                                 
226Ra  (Bq 
kg-1) 
232Th 
(Bq 
kg-1) 
40k(Bq 
kg-1) 
    radium    
equivalent 
activity 
Raeq(in 
Bq/Kg) 
absorbed 
gamma 
doses 
D( nGyh-
1) 
effective 
dose De 
(mSvy-
1) 
internal 
hazards 
index 
(Hin) 
external 
hazards 
index 
(Hex) 
Annual 
effective 
dose(indoor) 
       Annual      
       effective 
dose(outdoor) 
           
RTSFAU1(Flyash) 24.32 29.85 929.46 136.19 67.65 0.08 0.44 0.36 0.331 0.082 
RTSFAU2(Flyash) 26.12 23.72 532.33 102.06 49.37 0.06 0.33 0.27 0.242 0.060 
RTSFAU3(Flyash) 14.05 44.55 545.97 106.68 52.07 0.06 0.40 0.28 0.255 0.063 
RTSFAU4(Flyash) 18.90 26.65 539.66 95.23 46.55 0.05 0.32 0.25 0.228 0.057 
RTSCAU1(Coal) 28.18 43.31 532.85 124.63 59.72 0.07 0.45 0.33 0.293 0.073 
RTSCAU2(Coal) 29.09 41.74 523.22 123.62 59.16 0.07 0.44 0.33 0.290 0.072 
RTSCAU3(Coal) 32.23 44.5 612.12 137.72 66.09 0.08 0.49 0.37 0.324 0.081 
RTSCAU4(Coal) 20.25 31.75 505.56 99.63 48.32 0.05 0.35 0.26 0.237 0.059 
RTSDA1(Soil) 41.12 38.89 698.00 151.43 72.60 0.08 0.51 0.40 0.356 0.089 
RTSDA2(Soil) 54.48 46.80 489.13 162.36 75.85 0.09 0.56 0.43 0.372 0.093 
RTSDA3(Soil) 58.74 41.05 487.54 162.58 75.77 0.09 0.55 0.43 0.371 0.092 
           
 
   
Fig. 1(a) Radium, Thorium, Potassium and radium equivalent activity (in Bq/Kg), (b) Radon mass exhalation using Smart Radon 
Monitor((mBq/Kg/h)), (c)Thoron surface exhalation using Smart Thoron Monitor((mBq/m2/h)) 
 
3. (b) Badarpur Thermal Power Plant  
Table 2 shows the radon exhalation rates using Can Technique. From Table, Radon exhalation using Can Technique 
varies from 0.78 mBq/Kg/h to 2.88 mBq/Kg/h.Bar diagram showing from Fig. 2 (a) the value of natural 
radioactivity concentration and radium equivalent activity. From Fig. 2 (c) Thoron surface exhalation rate measured 
by Smart Thoron Monitor (STM) is varied from 327.84 Bq/m2/h to 874.24 Bq/m2/h. From Fig. 2 (b), the radon mass 
exhalation rate measured by active technique (SRM) varied from 14.06 mBq/Kg/h to 118.08 mBq/Kg/h. 
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Radioactivity ranges from19.33 Bq kg-1 to 48.56 Bq kg-1 for 226Ra, 18.89 Bq kg-1 to 87.60 Bq kg-1  for 232Th and 
419.20 Bq kg-1 to 695.00 Bq kg-1 for 40K. The absorbed gamma doses (D) in air due to naturally occurring 
radionuclide’s in the coal and flyash sample varied from 44.95 to 102.36 nGyh-1.The annual effective dose (De) 
varies from 0.055 to 0.125 mSvy-1.Measured value of radium equivalent activity (Raeq) of sample from the area 
range from 92.60  to 175.96 Bq kg-1. The value of internal hazards index (HIn) and external hazards index (Hex) 
varies from 0.31 to 0.70 and 0.25 to 0.59 respectively. Radiation hazard index (representative level index) Iyr varies 
from 0.40 to 1.21 Bq kg-1.It is observed that the radon exhalation rate from fly ash samples from is higher than from 
coal samples and hazard index value under the safe action of limt value unity. 
Table 2 . Radon exhalation rate using passive technique and various parameter obtained from natural radioactivity measurements. 
Sample                     Radon Mass 
Exhalation 
using Can 
Technique 
(mBq/Kg/h) 
absorbed 
gamma doses 
D( nGyh-1) 
effective 
dose De 
(mSvy-1) 
internal 
hazards 
index (Hin) 
external 
hazards 
index (Hex) 
Annual 
effective 
dose(indoor)(
mSvy-1) 
Annual 
effective 
dose(outdoor
)( mSvy-1) 
        
BTPSCU1(Coal) 43.81 48.33 0.059 0.33 0.27 0.23 0.05 
BTPSCU2(Coal) 52.70 48.24 0.059 0.35 0.27 0.23 0.05 
BTPSCU3(Coal) 40.44 46.54 0.057 0.31 0.26 0.22 0.05 
BTPSCU4(Coal) 42.23 51.78 0.063 0.36 0.28 0.25 0.06 
BTPSCU5(Coal) 20.50 45.68 0.056 0.31 0.25 0.22 0.05 
BTPSCU6(Coal) 27.10 50.02 0.061 0.34 0.28 0.24 0.06 
BTPSFA1(Flyash) 28.89 61.76 0.075 0.45 0.35 0.30 0.07 
BTPSFA2(Flyash) 23.37 75.26 0.092 0.59 0.43 0.36 0.09 
BTPSFA3(Flyash) 42.73 76.34 0.093 0.58 0.43 0.37 0.09 
BTPSFA4(Flyash) 35.13 94.97 0.116 0.77 0.53 0.46 0.11 
BTPSFA5(Flyash) 26.46 76.18 0.093 0.59 0.43 0.37 0.09 
BTPSOFAS1(Soil) 74.50 72.62 0.089 0.57 0.41 0.35 0.08 
BTPSOFAS2(Soil) 37.71 67.09 0.082 0.53 0.38 0.32 0.08 
BTPSOFAS3(Soil) 36.64 76.17 0.093 0.63 0.43 0.37 0.09 
BTPSOFAS4(Soil) 74.93 48.33 0.059         --           --          --          -- 
 
__________________________________________________________________________________________ 
   
Fig. 2(a) Radium, Thorium, Potassium and radium equivalent activity (in Bq/Kg),(b) Radon mass exhalation using Smart Radon 
Monitor((mBq/Kg/h)),(c)Thoron surface exhalation using Smart Thoron Monitor((mBq/m2/h)) 
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